INTRODUCTION
The ability to clean reusable surgical devices effectively, such as dental instruments, has assumed a greater importance in reducing the risk of iatrogenic CreutzfeldtJakoob disease (CJD) transmission and other infectious agents. [1] [2] [3] [4] Reprocessing of dental instruments to reduce the risk of iatrogenic CJD is challenged by the high avidity of infectious prions for stainless steel surfaces 5, 6 and their relative resistance to thermal denaturing during steam sterilisation processes. [7] [8] [9] Therefore, cleaning
Aim To review physico-chemical data supplied for commercially available detergents marketed for manual and/or ultrasonic cleansing of reusable dental instruments. Method Manufacturers/suppliers of commercially available detergents for manual or ultrasonic cleaning of dental instruments within primary dental care were invited to supply product information. A structured questionnaire requested details on a range of physical and chemical properties for each detergent.
Results Seventeen detergent manufacturers/suppliers, encompassing 31 commercially available detergents were identified. Ten of the 17 manufacturers provided information on 23 (74%) of the detergent formulations. Nine detergents were of neutral pH, ten mild alkalis (pH 7.5-10.5) and four strong alkalis (pH >10.5). Sixteen detergents were recommended for ultrasonic and manual cleaning, four stated ultrasonic use and three manual only. Ten detergents cited enzymatic activity as their main mode of action, but only six manufacturers provided detailed information. Four detergents recommended by manufacturers as suitable for manual washing had a strong alkaline pH (>10.5), presenting chemical hazards to users. Two strong alkaline detergents did not warn users of potential adverse effects of such alkaline solutions (corrosion) upon aluminium containing instruments. Only one detergent had investigated the potential toxicity of detergent residuals remaining on instruments after reprocessing. Conclusion It has proven challenging to collate physico-chemical data on detergents suitable for use in manual and/or ultrasonic cleaning of dental instruments in general dental practice. Standardisation of information on the nature and efficacy of dental detergents in a readily accessible form would be beneficial to dental practice.
detergents, cleaning requires close attention to several key determinants within the cleaning process to improve the likelihood of success. Key determinants include temperature, time, water quality and mechanical energy (usually in the form of water jets, ultrasonics or manual cleaning). 18 Detergents should be effective in either solubilising the contaminant or removing the contaminant from the surface in a solid state and then maintaining the displaced material in suspension. The chemical composition of detergents to achieve this is complex, requiring a detailed knowledge of the contaminants and surfaces on which they interact. Detergents are complex chemical formulations consisting of many chemical groups each with a specific function during the cleaning process. Surfactants lower the surface tension of a solution, solubilise fat and disperse pigment. 19 Lowering the surface tension may promote foaming which inhibits the action of ultrasonic cleaners and causes cavitation in the pumping system of automated washer disinfectors. Non-ionic surfactants produce less foaming than ionic surfactants and have an anti-foam property at higher temperatures. 5 Builders remove divalent cations such as Ca 2+ and Mg 2+ that make water hard, 20 otherwise calcium ions may promote bridging of proteinaceous soils to stainless steel instruments. 21, 22 Alkaline chemicals are used to hydrolyse and solubilise proteinaceous materials. 5 Sequestering agents, such as EDTA, remove various metal salts to destabilise biofilms. 23, 24 Enzymatic reagents are intended to convert water insoluble soil into a removable soluble form 25 and have been suggested to be more efficient at removing prion proteins, including CJD. [26] [27] [28] Alcohols in cleaning agents allow them to dissolve fats, act as a stabiliser for the solution, serve as a preservative to increase the shelf life and ensure the cleaning solution maintains its effectiveness at lower temperatures. 29 However, alcohols may have an adverse fixative effect upon proteins by disrupting hydrogen bonding between amide groups resulting in residues becoming difficult to remove. 30 Furthermore, detergents should not contain any particles or colouring and should not leave any residues on the cleaned surface. 29 These must be non-hazardous, non-toxic and non-flammable. 25 Finally, the detergent should be available at a reasonable cost.
There is a need therefore to both increase the general knowledge of the complexity of the cleaning process and the importance of the chemical composition of detergents. It is vital that dental practitioners are guided through these technical complexities and supported by relevant and accessible data for use in general dental practice if improvements in instrument cleaning efficacy are to be maintained.
AIM
The aim of this study was to investigate the availability and suitability of detergents for cleaning of reusable dental instruments by manual or ultrasonic processing based on manufacturer's documentation.
METHOD
A list of detergents was compiled from a review of distributors and manufacturers in catalogues targeted at primary care dental practitioners and previously recommended detergents in cleaning guidance documents. 31, 32 Manufacturers were selected if they produced a detergent solution for manual or ultrasonic cleaning of reusable medical devices, including dental instruments. A questionnaire was compiled to ascertain information from companies whose products met the above criteria. Following initial contact by telephone to acquire an appropriate correspondence address, each company was sent, via email, a questionnaire together with a covering letter outlining the purpose of the survey. Two repeat requests were sent to companies who did not respond to the initial questionnaire correspondence.
A structured questionnaire designed to capture data relating to key physico- 33 was compiled and sent to 17 detergent manufacturers responsible for 31 detergents (Table 1 ). In addition, an internet search was used to locate the material safety data sheet (MSDS) to complete questionnaires not returned by the manufacturer.
RESULTS
Response rates from manufacturers are given in Table 1 . In summary, data was obtained on 23 of the 31 (74%) products. Subsequent internet searching identified MSDS information for a further three products, recording a final total of 84%. Results of which are detailed in Table 2 .
Returned information covered three different detergent types, nine neutral (pH 6.5-7.5), ten mild alkaline (pH 7.5-10.5) and four strong alkaline (pH >10.5) solutions. No detergent had a pH lower than 6.5. Sixteen solutions were claimed to be suitable for both manual and ultrasonic cleaning. Four detergents were recommended for use in ultrasonic baths only (Table 3) . Ten of the detergents claimed enzymatic activity. Four of these manufacturers did not supply data on the nature of the enzymatic component, stipulating it was confidential. The remainder (n = 6) contained protease(s), lipases, and/ or amylases (Table 3) .
Other chemical constituents within the detergents are shown in Table 4 . The most common additional constituents were non-ionic surfactants, buffers, colouring, perfume and isopropyl alcohol. The optimum operating temperature specified by manufacturers for the detergents varied between 20°C and 60°C but a wide range of operating temperatures was also specified (5-100°C) in Table 5 . The recommended dilution for each of the detergents varied between 7.8 ml and 16 ml per litre of diluent and 2 mg and 5 g per litre of diluent. The dilution factor quoted was the same regardless of the calcium carbonate (water hardness) concentration in the diluting water supply. No manufacturer recommended treatment with a neutralising agent following their detergent use. Compatibility of the detergents with different types of material used for medical device fabrication is shown in Table 6 . All products were claimed to be compatible with stainless steel instruments, while pH neutral enzymatic cleaners had the widest range of material compatibility. Of interest, two products were strongly alkaline and claimed to be compatible with aluminium instruments. When diluted to working strength in purified water, strong alkaline = pH >10.5; mild alkaline = pH 7.5-10.5; neutral = pH 6.5-7.5; acidic <pH 6.5. Listed manufacturers that information was available for, with a summary of detergent properties. When diluted to working strength in purified water, strong alkaline = pH >10.5; mild alkaline = pH 7.5-10.5; neutral = pH 6.5-7.5; acidic <pH 6.5. N/c = no comment
The shelf life of the detergent varied between 24 and 60 months. The minimum recommended storage temperature ranged between 0°C and 15°C and the maximum recommended storage temperature ranged between 25°C and 72°C. The detergents were available in sizes ranging from 5 g sachets to 2.25 kg tubs for solid forms and 30 ml packets to 20 litre containers for liquid presentations.
The biocompatibility testing of the detergents revealed of the 17 manufacturers and 31 products, only one product had been investigated for topical toxicity. No manufacturer had investigated toxicity effects in line with ISO 10993-17. 34 Furthermore no company was able to specify a lower limit of detection for residual detergent on reprocessed instruments.
DISCUSSION
Considering the importance of detergents as part of the cleaning process, it has proved difficult to obtain comprehensive information on detergents for manual and/or ultrasonic cleaning. This perhaps explains the inappropriate chemical use found in a large observation survey of instrument decontamination in general dental practice. Detergents are an integral part of the cleaning process 16, 2 and therefore must have demonstrated compatibility and efficacy with the other variables in the cleaning process such as types of soil encountered, cleaning equipment, reusable instruments, temperature of the process and water quality. We were unable to obtain any validation data on the cleaning efficacy of the detergents in this survey. In some instances, there will be a necessity for compatibility with manual hand washing, which precludes use of strongly alkaline detergents due to their corrosive nature. Of interest, four products formulated with a strong alkaline pH (>10.5) were recommended for manual cleaning. In addition these four products are especially corrosive, requiring special handling and protective work wear, probably being unsuitable for primary care facilities. It is also recommended 29, 33 that no toxic residues remain on the instruments after cleaning with detergents which may have adverse effects on patients, instruments or the steriliser. Recent work has also highlighted potential occupational asthma and rhinitis associated with enzymes contained within detergents. 35 Temperatures exceeding 65°C can cause the emulsion of fat and detergent formed to be destroyed. Moreover, higher temperatures in excess of 55°C may cause protein residues and enzymes to denature, [7] [8] [9] making their removal more difficult. Three enzymatic detergents in this study specified an upper temperature limit of 72°C. Ideally only soft water (water containing little or no calcium/magnesium ions) should be used for cleaning as the chemical action of detergents can be seriously impaired by hard water. Also, the use of hard water may give rise to precipitations of inorganic salts on instruments, ultrasonic baths and washer disinfectors.
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11 Therefore, hard water will require the use of water conditioning or sequestering agents to remove these mineral ions. It may also be necessary to incorporate an acid rinse into the cleaning cycle to prevent scale formation in areas with hard water.
CONCLUSION
In conclusion, this study has demonstrated the difficulty in obtaining relevant information on detergents for manual and ultrasonic cleaning for use in primary healthcare facilities. Some recommended chemicals are clearly unsuitable for manual washing. An agreed method for objective assessment of detergent efficacy in soil removal would help select appropriate products and make informed financial judgements on product procurement. Furthermore, clear information will help reduce adverse effects on instruments, patients and/or staff. At present there is no cleaning efficacy standard that detergents must meet in the medical device reprocessing industry. The results of this survey imply that guidance and standards in the use of cleaning detergents for healthcare are urgently required.
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